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(54) METHOD OF MANUFACTURING SIUCON SINGLE CRYSTAL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To manufacture a silicon single crystal wafer with the CZ method under stable condition which 
is capable of Improving in electric performance such as oxidation high withstanding voltage surely without belonging to a 
hole rich V region, an OSF region, and a between lattice silicon rich I region. 

SOLUTION: The method of manufacturing silicon single crystal wafer and silicon single crystal are characterized in that in 
the silicon single crystal water grown by the Czochralski method, in N region out side of OSF ring generated in ring state at 
the time of heat oxidizing process for all surfaces of the wafer, no defective region is existing which is to be detected by Cu ^ 
deposition. ^ 
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L/fcig(c y > i^t^fK^r -5 o s F o^moum 

mte<J:Of^^tij5!)5^DK:< i^N i ^^*3't;x-^>^M 
ifeS-t/x-zv 

•i^x-zNtcl^YhMa?: ufcistc > i'i^tc^TS o 
SF«W1-W©N««-c*T>r. Cu7='5l<i?i^3>K:j:»3 

•r C u 5^ 3 >(c J: 0 ^tH $n^^RIM«*i?g?g 
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r s 3 >#*is©sse:)^. 
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mtmQ ©t»-rn3&> 1 iSKisas l/cs^ 3 >^s©sf 

( 0 0 0 1 ] 50 
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O S F «fc U I ®^©iim©^^iiM^r 
):c<. $e.fc^7=j}<-:^i'3>*!ia«:J:Dl^ai5nSK{t 
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tC^r-5ib©-C*5. 
[0 00 2] 

[Se3fe©S??Sr] i£^». iNI«:|lK©llF^{bK:^^5S 

afc^tr-5D°D®^*siS*^-cifrt».5. #«:. fp 

D, LSTD. COP^Oi'a-^^V (Gr own- 
in) ^«:fil^pftfn-5.Mbgi^E!|ttt•?>x-'^v;^©i^14 
=&SfbSl*-S. ^S^fii@H©^3&s#itL/^©ffiK. 

:2:©®j«*5KSta§n-cc»-s>„ 
[0 00 3] cinh<D{m^^m-tr^^^tc-:>x. 5fe 
-r. '>'j3>^ifeg,H:ii{»3ii^ns-^-/*>->'r (va 

cancy. «TVillSS-r-5Ci*s*S) inftfns 

(Interstitial-Si. I iBSIH-T'S 

-^^©iRDdisnsigg^r^-r-SH^fcotit:. — « 

[ 0 0 0 4 ] -> y 3 >*^aK:*iCiT. VMJ^i ». V 

acancy, 'Ot.y)U') ■=i>m.T<D'^S.iPh^^-t^ 

onsj. :^©,fc^^cfe©*«^t,^M«-c*o. 
-> y 3 >M^*sjS^^K:SSE-r S c i tc J: ?) 
■^>5|^^3-!ic^'y3>M^©«*3^<<^Ml^©Ci-C*'3. ^ 

LTv^iigi i$s«©H(c(j. m^i^^^'p^^-bm^^ 

(it>^clO Xi-h5;l. (Neu t r a 1 . t<TN<bBS 
br. t!riHi^n->-C>^Jiffi (FPD, LSTD. CO 

p^) i(,i^©tt. *<s-c4>v4>i*i3a^fn^rim© 

^{C|64-r^fc©r*»3v ^i!>©M^©fi»3 35s*^r 

[0005] C©M.^J«Jffi©iiift». CZftCCfcWSiS 

?gS«)i2G<!:©K^*^e>^S»3. VMJ^i IMJSi©i^ 
l?ffia«C»OSF (M^bMJ^gXK. Ox i d a t i 
on Indused Stackins Faul 

t) tw\tinz>'Kmifi. i^^Bm&$&icm-?>mm.-yj}^<D 
&m-cM.tcm(iC^ y > if^ic^^ o s F y > 

[0 00 6] cne.ifeB^RSSSaH©^^filtt. ii^©*SH^ 

[ 0 0 0 7 ] -e i/Tcn?>i^Sfi!E:SgH©XPi*^s-r 
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it. m«fiESa«3&S0. 6mm/mi nl!ra^;Lhi 
KeSiSn-CCi-SFPD. LSTD, COP^CD 

7©5-r> (A) ) . 6mm/m 
i nJWT©lS^ti. fiS;SaS©ffiTliC#ti.. O S F >; > 

- 7*^313 i^^e>nrt,».5)L/D (Large D i s 
location: te^Paeffi->l'-7-©He^. L S E P 10 

?>) 3e>K:. fi£Slffi5rO. 4 mm/ 

m i nl5^JJ(Ti<S2tc-r-Si. OS F 'J ^^AS-iyx- 

©^-r> (c) ) . 

[0 00 8] s/c. a^viRJSi I MJ«©*ra-ros F 
V>if(Oi^mic. N«J|cii¥Kti4. ^?Li@H©FP 
D. LSTD. COPfe. ^-H—y^BcDLS EP 
D. LFPDfe#aEL/^tt,i^JS©#?i*s^aSn-Cli 20 
•5. co^iSJiOSF y>i'©im!lK:*»). -eLT. M 
^ail^®il^«feL/, X- r ayS^-e*fffiCD=i>h 

LSEPD> LFPD*5J^JS3nSei'y 

(B) ) . 

[0 00 9] ctxf^ohsmmit. ss®5^^-cii. 

©NM^KOl^r. 5j<P>3t7Sli& (V. V. Voro 30 
nkov;Journal of Crystal G 
rowth. 59 (1982) 625^6 43) -Qit, 

(V) tmF^mmm-mm-yn^u&i^ (g) 

COtt-CSb S V/G i l> 5 y - if*s*^Pi© h-HA' 

[0010] -ecr^. ®P3©G©»^&^5iCftl/T« 40 
±lfSSF'&e§5^«:Tt:f^t3Ji6?l±lffcBfK:. 

s*ttss-r5«:fi£-,-rG*s^{fc-r5c >n 
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[0 0 1 n C®NMJS*S6.K:^-rSi. OSF '/ 

>troy^micmm-riNvmm (i^tlo^i^mj^) 1 1 
^«tc^-r€.N i mm im-mt^v =i>ifi0-i.^mm) 
NvMi^-c». mst^tfmofcmicmmim 

a*s^ < . N i ««-CttK««f HiJ&^i'Mti C t 

-of ti2>. 

[0012] <b C 53&5±iB©J: -5 IC, :^®NM^-C^ 
[0 0 13] 

[^BB*5^^Lj:^i-r-5.^s] ^cr*%?§ii. c© 
J; -5 ^cFm^.K:M^^-CJtc$n/ft*>©-c. ^fLU v ^<OW 

mm, osF®^. -5-L/r*&^ia->y3>U9 5^©iM 

^©(,i-rn(cfe)lST> *>o5i^t;:MfbJSWE^©m*, 
[0 0 14] 

[gis*»^-r-5fc8j>©^e) itffBgfl«j*3g 

^•5fc55>fC&^n/£:fc©T. *:%?afC^-5)->';3>m 
MS'>x-/^^3:. 5^3i'5;i'X+-ffiCciOWfiK^nfc 
i^»;n>^ieS'?x-yN«:4siir, -^x-^N^ffijisj^K 

<mm=?: Ltc^K. y > i^t^K^^r -5 OSF ©^l-ffiOON 
M«*^at/^tt,^fe©t'ib5C<!:?r!^StiL'rt^^ (m 

^1) . 

[0015] C ©J: -5 CC, i^^m<Diy V 3 ^mife^'t'x 
«. -i* x-y^^®*sSglM^tj2tS€^ b/clSK: U > i^tt 
K:^^rSOSF©iH!!l©N^JS-C*-5r. ^FtCGuf' 

efe^©«si#i4'&^<bs-s-sc i©>i«r^iSD''a«©i^y 3 

>>i;x-/^^^t^„ 

[0 0 1 6] ^Or. *^W©l|2©«sa-C*5i'';:3 
nfei^yn^^j^S-^x-z^tcfcti-r. '>x-/^:^®*^ 

i^^Ytas>& c/c^tc y > ;/t*jfc^T2, o s F (mm 
>'^^^BF«9{^:??fiEL'>5:^r»^>©■c*^>ca:'&^aiL.■c■^»^> 

(»^2). 

[00 17] c©J:5k:. ^^wc-^y^^^s-^x 

•^7x-y^^ffi*5|^.^^b^^lS«r bfc^cc >5^t« 

tC^-rSOSF©?HW©NMlS-C*-o-r. #{CGux 
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[0018] 'jf^ic^mmicm^ y 3 >mm^<owk-^ 

«:J»Kffc«ia% l.ft:IS«C y > i/ttfC^t-S O S F ©il- 

[0019]-^ Lr3|c^?§fcfi^-s.->'; 3>^igH%©iS3g 
iiS^assL/fcis^. o s F y > ifmw&viw^t^c 

[0 02 03 cne©»jt:^»&K:j:n«. WfiEsnfc'> 
jj<5;-> 3 > k: J: ») *iffi $ n im\miw^<otm,mt^ 

[0 02 1 ] s 6tc*^li{C#S->y 3>mi»B^©S?S 

:S«©m2©!^««. 5^3d'7;l'X+-ffiCC4;D->y3 

•r*0SF©J1-ffil©NMJ^-C*-5r. Cuf=sPi?i^a> 

N i ^mi^w&:i,fi^^mm-^m^n^^m.^^z> c i ^ 

[0 02 2] Sn^-c; :$:%?5tc^Si^ y =3 

Wfi£-rss^K:*ji,»t:. 5i±if*©5^y=i>*^^^ 
sis^sfj^ L- fcia^. o s F y > ifmmkicm^r z> 
c u f^^i^t/3 >{c J; *)iikmiin^xmm.mmnmr^ 

3g#Tffl3>s4DK: < t»N i MJ|&&si^r SJ^I?©{!£g2« 
i ©S©RgS2g«:$0® Ur^S^WfiSr S C i «:!|ta 
ibrt^S (i«S816) . 

[0 02 31 cne©i8JS:&ffiK:j:nK.-"?x->^>^M 
t/^mmtm^^ b/cfgK y > i^t^tc^^-r ^. o s f ©ii- 

ffll©NMJ^-C*-:>-r, CurTHi^S^a^tcJ:?)*^^^^ 
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[0 0 2 4] cnP>©»it7^K:fetit:. feSEES«F© 
?l±lfMffi^O. 5mm/m i ntUii-rSCi^sSS 
Lt» (i«^:S7) . c©<1:^k:. ife^Bfi£S^©5l±lfM 
S*0. 5 mm/mi n^XttttlU. *Sli©^te^«^ll 

MJS. ittcK^WHii^M^sji^fiS^ni^©^^*-?—:; 

[0025] feiT. *^?9(C-5#fiSfflK:S|Bg-ri3>s, 

10 l)FPD(Flbw Pattern Defec 
t) fi!^^©i'y3>*ieS»*>6'?i-/>*W 

ifi^-CWi^ym^tdk. K, Cr, o, tmsitii^om^ 
mxmSi3Ly=?'>if (Sec c oXf 5^>iJ^) TSC 

itCcfcfJ b--;; h*JcfcJ^S3'^^^i*5^i;S, C©§?jg 
^*FPDif&;L/. '^xw^®F«i©FPDI5S*SiSt> 
Bi-i^fc|g»ff©^a*i*t^S (1^¥4 - 1 9 2 3 4 

[0 02 6] 2) SEPD (S e c c o Etch P 
20 it D e f e c t ) itt, FPDil^— ©S e c c o 

x.y'^'^if^mi^tc^ic. ^nmm it I ow pat 

tern) i><D^F PB bf^U. jJSn^^fft) 

i&t»t>©*SEPDiPf-S!. C©it'-Cl 0 MmJW±©;^ 
*t»SEPD (LSEPD) «KtSi'^;^i»-K:^r 

^. C©«tefii4ilt;-CSS£j!»iy-i'L/> P-NS^ + ^i' 
a > t L-r ©««6**:fc s < . 

[0 0 2 7 ] 3 ) LSTD (La s e r Scatte 
ring Tomoeraphy Defect) <!: 
30 fiSS^©->yn>m*Sa^*i6'i?x-''^^«J»P^B 
«ffi©ii*B%^»i?SK©21^S[-CX5'5^>ifL 

i -C X - /^F«i tcffffif S fc J: 4 tSa3l£*^ffl-r -5 

(Jpn. J. Appl. Phys. Vol. 32, 

P 3 6 7 9 . 1 9 9 3#IS> „ S/c. ^©W^ffi, 
A®{*©sJ<WH (Tt) f $>^it^^*S:^*>«S3n-CCi 

40 

[0028] 4) COP (Cry s t a 1 Origi 
nated Particle) i.--f\(D^>ii> 

^mtfmm^mit^^z>wmtrji:bim-c. sec 

c oXi»5^-CBFPDtca5i«iR|*J, SC- l^fe^ (N 

OH : H, O, : H, 0= 1 : 1 : 1 0©g-^?g«: 

-c»iawx,.9^>y^ibrfl&gr. COPtC 

[ 0 0,2 9 ] 5 ) L/D (Large Disloca 
50 t i on : ♦8-7-raefii-'l'-:/©B8#) tc». LSEP 



ZXmv$>?>, LSEPDli. ±iaL'/cJ:-5tcSEPD 
©if-r-4> 1 0 Mmfe^±(D:A:trtife<D=&ii-5. iefc. lf 
PDtt. ±ffiL/fcFPD©*-Cfci^f5. h©:*c3?S*s 
1 0 ymJi(±©;^gft,»fe©*t»t>. C%6fe^Jl'-7' 

[0 030] 6) CuT^si^t^S^s^fttt. ijt^-^x- 

[0 03 1 ] ^^w<»^c•?i-/^©sffi:^tt. 

S4>©-C*S. o^f), C u •5=^5;'i^ 3 >SB. Cu-< 
Cu-(':t>*sCu<!:35:-:>t:*Tai-r-2>Ci^ 

o p^©^^Ri3!)i#SEL/ri».5c: ij&i^^nrt,^^. 

[0 03 2] Cu7=^f:5^2^3>Snfc'J»X-/^©^<:ffig|J 

msm (TEM) *fc»^s^siawg (sem) ^-c 

[0 03 3] 

3 >mig^B^stcK b . V i I mm<Dm^rm!iic -o 

OSF y^i'OJUWK:. FPD. LSTD. COP©IK 

i . O S F > :!^©i1-fiij«:^-r N v (^?L©0^ 
<!: I «iSK:|?ip®-r-5N i (tS^BB-^ya^ 

KKKS^f aS*S|^ < . N i «i|S-CKgJ^«f ai*5^C> C 

[0034] t ±iBNMl^-e*§^^WfiEL/T 
fe. ®S^bK»£E*SMlr»fe©*!*'3. ^©Jl^i3j!>sj:<«o. 

O S F ffi«©i1-lil© N^J^-C* -5 T. wtaiaK^fMM^ 
*TtB*S^*l^gt^N v«l^©— gpjCC u 7=5i<5^-> a >*a 

sr^to $ ns^*5« K s €. c i €r 
^L/c. -ebr, cn*5^{t)gBIIim4©J:'^'^t^5i 
Ittt^s^fb ^>MH i i^t o r ^ C i ^-:># <!: «6/c:. 

[0 03 5] -e-cr. c©osF©^1^il©NM^•c*•:> 

r> Cu-f j}<e^i^a>K:j:t)^ai$ns^«jRSM«©^ti^ 
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[0 036] :i^^mmmiti. JWT©IIK*tf oTSSSil 
S<i:i»d?i^^&©B8<^=&*ai«). ■^©iemtcSrJii-r^B^ 
^^WfiSL-, ■?x-/^©®^tJSWBB^^4=&fF«L-^c. 

(^^1) g|2 (a) ©igSA«;^i:J^^2 (b) ©igg 

B{c^bfcMczs*ies?i±ifiia (^fiSJSEPfti) © 

rt. $^ A B 2 4 ^'tCim^MSi^ y =» 

1 5 0 kg^-p-J^O, SISB»2 6 -r^g^S^^U 
•:'/i<K:Mi^^iSg->';3>?rl 6 0 kgg^-i'-s;?^. ■& 

sstcTsas >^ (esa o omm> « :?sr&< i o 
0 > ©-> y 3 i±Wc. i±tf -s 

K> tSSiig^O. 7mm/m i n^i^O. 3mni/m 

mWLfc, 3;fc'i7x-y%©^jgS*52 2~2 3 p pm 
a (ASTM' 7 9fii) <!:&■& J: ^tC^S^f'^iJU 
ic. 

[0 03 7] •eL/rS3 (a) , (b ) KS^tfcJ:'? 

tSC*3tJc«WLT (■>x-/N^-f75r-f A) SIS (SSS 
grSEMILAB WT - 8 5 ) fcjryt-tenx 
i'fC.fcOVM^. OSF««> I M«©&MJ^©^?&<^ 
gJiFPD. LEP©9-:?&^. -eOTO S FJS^K: 

J: S O S F ^m^iSS SM^^^O^Silg* 

©F«3m». 03 (c) fC5^L//cJ:^{C. iaa6-<>9^ 

©■i'x-y>}^{c< o^tsnxb, imi^®flnxft± 
fc.. 

[0 03 8] :*:^i^K:teW5■^7x--»^c[^ffi#JH*JJ:CJt 
if ffi^m©^ffl?r«T«:a5'<-2) . 
( 1 ) ?l±lffc^S«*gSI4:^ l 0 cmS©S$ 

mmJlS ©If > 4 m'm L tc. 
( 2 ) ±ffit>-> :/jb© 5 1 t^Btt. -i? X -/>?gU8ai^ 

(^6 2o-c> zmrs. mm^mmodi^xfmMm., 
8 0 o-c. 4B$ffl (s^smT) msM^mb. -e© 
m 1 0 0 0 -c. 1 6 Nfri ( -<^#H^T) mm 

m%mv. SEMI LAB-8 5K:J:•3'^7X->'^•5■-^7 
^-f A (WLT) ©v^^-^fftSLfc (04 (a) > 
(b)#M). *fc2fegiJS7-x^,9^>i^g^-fe33x 
9?->4^*SSt. FPDfeiiyfLEP©»?&^I^L/ 
/^c, ^br3fe@»OSFS^S^-fe=JX5,5^>>/'Ur 

©ife*3!»6 V«j^. O S F I 
L, ■&i^W©fi£SMS^ISi2L.fc, 
[0 039] mSA (02 (a ) ) r? I±.lf ;^cmiSS© 
^m>^mMSLm4 (a) #M) tt. i>:©J:5K:^t 
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[0 04 0} mm.B a 



vmmyosFmim^: 

C u ^^^iyiy a >^^mmm- : 

2(b)) ■cm±mcmm^mc:> * 4. 

(b) #!§) tt. ^^©ilC-C** 
VMJU/OSFMJgSKSfi: 

C u 7=#S^i^a : 

^tUN (Nv) mi^iymmimn 

N i I ^i^J^I? : 

[004 1 3 (3) ±iB (1) ©#i^^©^SS$fc^r^o fc. 

(D'tJ :>^—>^jmic< »?S#JJDX 03 (c) #M) b. 

mute gfflKfefrtt^x©i*i»JT:?*.5. 

1) ffiHtR: 2 5nm. 2) Seg^tK : 6MV/c 
m. 20 

3) «EEn»n^ia: 5^ra. 

[0 04 2] S5«:Cu7^^i;'>^3>(Cj:»)Nv^^'& 
WmLtci^^^Trir. as (a) ttCuf=5j<i?'>a> 
«:J:O^^L.fc^^^jg|©i«dSS^^flJ=&. (b)«Cu7' 

-r. S6 (a) It, Cu7^=}<i^>'a>-e:?jK*5^L/fc 
NvM^C^ffiiSmT*'?. (b) CuT^^i^i^a 

[0 043] ^JLhCie^iP.. OSF5WK:#:a-r^.N 30 
[0044] (1^2 ) ;^CK:J:fBiSm€rSa;^-CiSB 

(^2 (b) ) ^m\.^xos¥9vm<onm.'mvh'>-c. 

C u T^^Ki^^J^a ( D n ««) -CiiC^M^to J: 40 

®^±±^f©■?x-/^K:IJ^XL/. K^bKWff1ttt©^ffi=£ 

ff-3fc. &*s. C-*-Fa95£^»^X©<!:*50-C* 

2) iUS^: >;> • F- 



0. 4 8 4 mm/m i n. 

0. 4 7 2mm/'m i 

0 . 4 6 7 mm/m i 

0. 4 5 4 mm/m i 



0 . 5 9 6 mm/m i n . 

0 . 5 8 7 mm/m i n, 

0. 5 6 6mm/min. 

0 . 5 2 6 mm/m i 

0. 5 10 mm/m i n. 



1) mm: 2 5nm, 
3 } ^sfiiMSI : 8 mm' 

•e©*gm> SEftjraSIEU-^^Htl 0 0%©^D°a^-C*o 



J!ji±©jiirc»e>nfc^^ 



4) ImA/c 
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[0045] :$i^^mt 

v$>i,. i ©-> y =>>^B^H©iSjS:^st> 

^ u > i^t^fc^r so s F ©jnwoNMJirr*-? 

[0 04 6] c(oijm^m\vim-^\.^xmm-rz,t. ?i 
s F > ^m&mcmm^ 5 c u f'^^ji s^^s^ a xc j: •? ^ 

^i?©ES;s3is i ©ia©BK©iSK:f(iaib Ti^B^^ 

[004 7] «±a'^?c:^SK:J: OWRSSn/c^i^B^^ 
ufc^tc y > i^«(c^-r s o s F ©ii-fflu© N^JS 
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